Introduction
Defining characteristics of diabetes mellitus (DM) are the elevated concentrations of free glucose in the circulation and body fluids. Lowering of glucose levels alleviates the pathological symptoms of the disease and improves the prognosis of the patients.
In addition to perpetuating metabolic disturbances, high glucose directly causes tissue damage via irreversible glycation (1), a process that involves nonenzymatic, covalent attachment of glucose molecules to proteins via an amine-driven nucleophilic attack of the aldehyde group exposed in the glucose open-chain configuration. Damaged proteins subsequently may exhibit impaired function. However, glucose circulates predominantly in its thermodynamically stable pyranoside configuration, and in this cyclic form, it possesses biochemical features common to other carbohydrate molecules in the body such as oligosaccharide constituents and commensal bacterial cell wall substructures. Important components of the innate immune system have evolved to recognize microbial polysaccharides and oligosaccharides rich in mannose and fucose. Carbohydrate-binding proteins of the C-type lectin family play major roles in the execution of immunological responses towards these glycans and their associated pathogens (2) . For example, mannose-binding lectin (MBL), binds directly to mannoside/fucoside units on microbial surfaces and drives activation of the complement system, leading to opsonization, neutralization and stimulation of immune responses (3) . The complement system can drive both proinflammatory responses such as cell lysis, leucocyte recruitment and vascular permeability, but also anti-inflammatory processes such as apoptotic cell clearance (4) (5) (6) . Also, recent studies indicate that opsonic MBL influences antigen processing (7) . DC-SIGN (CD209) and DC-SIGNR (CD299) are type II transmembrane proteins believed to possess immunological functions such as cell adhesion and pathogen capture (8) (9) (10) (11) (12) .
Structural analyses of mannose binding by MBL, DC-SIGN and DC-SIGNR reveal the critical importance of the equatorial stereochemistry of the hydroxyl groups at the C3 and C4 positions of the pyranoside ring (13, 14) . Glucose shares identical stereochemistry at the C3 and C4 hydroxyls with mannose, varying only at the C2 position, wherein the glucoside hydroxyl group assumes an equatorial orientation in contrast to an axial one (Figure 1 
Materials and Methods

Ethics statement
Human tissues used in this study were obtained with informed written consent from healthy volunteers and approved by the University Hospitals Coventry and Warwickshire Ethics Committee in accordance with principles expressed in the Declaration of Helsinki. Data from human tissue samples were analyzed anonymously.
Proteins and protein purification
Recombinant rat mannose-binding lectin, soluble recombinant human DC-SIGN and DC-SIGNR extracellular domains, and native human surfactant protein D (SP-D)
were generated as described previously (16, 20, 21) . Purified recombinant HIV gp120 was a gift from Prof K Reid, MRC Immunochemistry Unit, Oxford, UK. All sugars, invertase, and buffer components were purchased from Sigma Chemical Co. (Poole, UK).
Protein-Oligosaccharide Interaction Analysis Via Surface Plasmon Resonance (SPR)
Streptavidin-or Neutravidin-coated sensor chips were treated with biotinylated HIV gp120 or biotinylated yeast invertase, selected as rich high mannose ligands.
Sensorgrams were recorded at 25˚C using a 
Complement Activation Assays
The Wieslab ELISA-style complement activity assays were used throughout (Eurodiagnostica) following established protocols involving detection of terminal pathway components (22) . Assays were carried out measuring classical, alternative and lectin pathway activity within normal human serum in the presence of glucose, mannose, galactose, and fucose at concentrations between 0-100 mM. Additional lectin pathway data were collected using trehalose. Samples were measured in triplicate.
Immunohistochemistry
Formalin-fixed adipose tissue sections, prepared at 3 µm thickness, were stained for DC-SIGN and DC-SIGNR using monoclonal antibodies (R&D Systems) at 800 ng/ml and 2 µg/ml respectively, in conjunction with a diaminobenzidine-immunoperoxidase MBL binding studies (15) . Analysis of lectin pathway activation in the presence of trehalose (IC50 = 23.8 ± 1.9) showed inhibition at higher concentrations, in a pattern similar to that observed for glucose ( Figure 4D ). Interactions between C1q and carbohydrates has been reported (24) , and thus it is surprising that monosaccharides did not appear to affect classical pathway activity. However, the classical pathway assay protocol uses microwell plates coated with IgM heavy chain and we hypothesise that as a result, C1q interacts with this target via a mode of binding that operates independently of its putative carbohydrate binding sites. 
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